Abstract-Avalanche photodiodes (APDs) will be used in the muonic helium Lamb shift experiment for detection of 8 keY X rays.
II. EXPERIMENTAL SETUP
The RT-APD has been tested in a vacuum chamber, where its temperature can be controlled (Fig. 2) . A Zn-65 radioactive source emitting 8 keY X-rays was placed inside the chamber, below the APD, together with a light guide connected to a LED operated in pulsed mode, emitting 600 nm pulses of 10 V amplitude and variable duration in the range 100-500 ns. This way the X-ray and light signals can be measured at the same time and compared. The cooling system is based in alcohol circulation. The alcohol is cooled down through liquid nitrogen and pumped into copper pipes that are connected to a copper plate where the APD and preamp are mounted. The signals from the RAL-I05 preamplifier connected to the APD are fed to a spectroscopy amplifier and to a Pocket MCA, both placed outside the chamber.
III. ENERGY RESOLUTION CONTRIBUTIONS
The behavior of the energy resolution obtained for 8 keY X rays absorbed in the APD can be evaluated by comparison with the resolution obtained for light pulses. If the energy deposited in the silicon by an X-ray and a light pulse is the same (E), the corresponding broadenings of the pulse-height distributions are related by:
(1)
In Eq. (1), I1Ex is the full-width-at-half-maximum (FWHM) of the X-ray peak, I1E{ is the FWHM of the light peak and o,jG is non-uniformity contribution to the energy resolution in X-ray detection, i.e., the standard deviation in the gain fluctuations associated to the non-uniformity of the silicon.
This effect is significant in X-ray detection due to the point like absorption of X-rays within the silicon. In light detection, this effect is negligible as the light source irradiates the full active area of the APD.
Using Eq. (1), the non-uniformity of the RT-APD can be estimated. However, the X-ray distributions obtained for the lower voltages have a double peak shape, degrading significantly the energy resolution. A fit to the region above a gain of 40, determines a non-uniformity of 6% at this temperature.
The non-uniformity was evaluated at different temperatures using the same method. Fig. 4 shows the energy resolution for X-rays and visible light as a function of gain, for a temperature of O°e. Smaller differences between X-rays and light pulses are observed, which is reflected in a lower gain non-linearity (2.7%). This trend may be related to the significant gain non-linearity between X-rays and light pulses [5] , which may change the energy deposited in the silicon by the light pulses.
Space charge effects in the detection of X-rays are responsible for this non-linearity, which makes the gain for X rays to be smaller than the gain for light pulses. For this reason, the x-axis in Fig. 3 and Fig. 4 is light gain, which is a more accurate value for the multiplication inside the APD as it is free from space charge effects. 25 ,-------------------------------- The straight line is a fit to the non-uniformity contribution from which anjG is determined (6.0%).
,---------------------------------.
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IV. EXCESS NOISE FACTOR
The contribution of the electronic noise to the energy resolution can be determined injecting a reference pulse in the preamplifier test input and measuring the corresponding signal. The width of the peak obtained in the pulse-height distribution gives the noise contribution and can be subtracted from the total energy resolution to obtain the intrinsic energy resolution of the detector and to determine the excess noise factor (ENF) , an intrinsic characteristic of the APD. 
In Eq. (2), I1E is the energy resolution for visible light (FWHM, in units of energy) , I1N is the corresponding noise contribution and t: is the mean energy to produce an electron hole pair in silicon. E is the energy deposited in the silicon by the visible light pulses and is determined by normalization of the X-ray and light pulse amplitudes to the 8 keY X-ray energy.
The excess noise factor has been determined using Eg. (2) as a function of the APD gain for different temperatures, as shown in Fig. 6 . The gain non-uniformity affecting the energy resolution for X-ray detection was determined from the comparison of the energy resolutions obtained for X-rays and light pulses depositing the same amount of energy in silicon. Non uniformities of about 6% were measured at room temperature, decreasing significantly at lower temperatures.
The ENF of the RT-APD was determined from simultaneous measurements of visible light and reference pulser peak broadenings. ENF is about 2 for gains up to 50 and increases linearly with gain above 60. No dependence on temperature was observed.
